The objective of the present study was to evaluate the effect of modified atmosphere packaging (MAP) in combination with CaCl 2 dipping on the shelf-life of common mushrooms (Agaricus bisporus). Mushrooms were packaged under MAP and air atmosphere with and without CaCl 2 dipping; then all the samples were stored at 4, 10 and 18°C and their physicochemical properties (weight loss, color and glucose contents) were analyzed. The results showed that mushrooms packaged under MAP had the lowest weight loss and L value (brightness), highest degree of overall color change (∆E) and glucose contents. Overall, low storage temperature and CaCl 2 dipping significantly affected the quality of packaged mushrooms (P<0.01). Results from the present work suggest that MAP of 5% CO 2 : 10% O 2 (P 2 G 2 ) with CaCl 2 dipping (0.3% for 5 min) and storage at 4°C can be used successfully for extending the shelf-life of the mushrooms for more than 11 days.
INTRODUCTION
Among 14000 known mushroom species, white button or common mushroom "Agaricus bisporus" is one of the most cultivated and consumed edible mushrooms (Chang, 1999; Singh et al., 1999; Boa, 2004) . Common mushrooms are rich in various nutrients; several bioactive components and many health benefits have been attributed to mushrooms and the components isolated from them include bioactive polysaccharides (β-glucan, such as lentinan), antioxidants, dietary fibers, ergosterol, vitamins B 1 , B 2 and C, folates and minerals (Mattila et al., 2000) . Mushrooms are highly perishable and deteriorate within a day after harvest (Antmann et al., 2008) . In comparison with other vegetables and fruits, the respiration rate of mushrooms is relatively high which is related to their thin and porous epidermal structure (200 to 500 mg/kg h at 20°C) (Kim et al., 2006) . Since mushrooms are fast respiring and highly perishable, prolonging post-harvest storage period while preserving *Corresponding author. E-mail: mohammadi@sbmu.ac.ir. their quality would benefit the mushroom industry as well as consumers. One of the recent technologies to accomplish this is to use the MA-packaging technique which has been reported as an effective tool for extending the shelf-life of mushrooms (Ares et al., 2006) as well as other type of foods (Alam and Goyal, 2011; Degirmencioglu et al., 2011; Kudachikar et al., 2011; Rai et al., 2011; Sabir et al., 2011; Thippeswamy et al., 2011) along with keeping them fresh. MAP can be defined as a modified atmosphere created by changing the normal air composition in order to provide the desired atmosphere surrounding the packaged product (Antmann et al., 2008) . A modified atmosphere composition inside the package depends on various factors such as the rate of respiration, amount of product, proportion of the amount of product to film surface area, permeability of film to gases and storage temperature (Simón et al., 2010) . Modified atmospheres, richer in CO 2 and poorer in O 2 than air, are assumed to be able to reduce respiration rate, decay and physiological deteriorations of vegetables, which results in shelf-life extension (Antmann et al., 2008) .
Although many advantages are attributed to low concentration of O 2 , less than 2% could cause anaerobic respiration as well as potential growth of anaerobic pathogens (Kim et al., 2006) and the excessive accumulation of CO 2 (>12 kPa) inside the mushroom package can also result in their severe browning (Villaescusa and Gil, 2003) .
It has been reported that washing mushrooms before packaging could prevent off-odor development caused by enzymatic and microbial activities (Sapers et al., 1994) . Adding CaCl 2 to the irrigation water during cropping can delay the cap opening and deterioration of external appearance Beelman et al., 1992) . Bartley et al. (1991) reported a significantly improved color of mushrooms irrigated with 50 ppm oxine plus 0.075% CaCl 2 prior to harvest and postharvest storage. Furthermore, Solomon et al. (1991) showed that irrigating mushrooms with 0.25% CaCl 2 reduced browning but appeared to increase senescence. Kukura et al. (1998) reported a significant relationship between calcium concentration and lightness of common mushrooms.
The present study was undertaken to investigate the effect of MAP in combination with CaCl 2 dipping on the physicochemical parameters of common mushrooms in comparison with the ordinary packaging. In order to accomplish this objective, weight loss, color and glucose contents of pre-dipped mushrooms with 0.3% CaCl 2 for 5 min, packed under modified atmospheres of 5% CO 2 : 10% O 2 and 6% CO 2 : 2% O 2 and stored at 4, 10 and 18°C were evaluated.
MATERIALS AND METHODS

Sample collection and preparation
Fresh common mushrooms, used in this study, were purchased from Javaneh, Ltd., Kerman Province, Iran. After harvesting, sorting and cutting their stems, they were divided into two groups: with CaCl2 and without CaCl2 dipping (WCaCl2 and WOCaCl2, respectively) and were packaged under ordinary or air and MAP packaging methods, storing at 4, 10 and 18°C for further analysis.
CaCl2 dipping
In order to find appropriate concentrations and time for CaCl2 dipping, three replicates of mushrooms (about 200 to 300 g each) were separated to 6 groups and treated as 1) 0.3% solution for 5 min; 2) 0.3% solution for 10 min; 3) 0.3% solution for 15 min; 4) 3% solution for 5 min; 5) 3% solution for 10 min and 6) 3% solution for 15 min. Initial observations (color, taste and smell) did not show any differences between treatments. Thereby, 0.3% CaCl2 dipping for 5 min was approved due to being time saving and economic.
Packaging methods
Air or ordinary packaging (P1 as control)
Three replicates of mushrooms (about 150±5 g) with and without CaCl2 dipping were kept in the high density polyethylene (HDPE) Koushki et al. 5415 (70 µm thickness; 10.6, 35 and 130 [P ((cm 3 .mm)/(s.cm 2 .cm.Hg))] for O2, CO2 and water vapor permeability, respectively) and tray was wrapped into the stretch film prior to heat sealing.
MAP (P2)
To determine and select appropriate gas conditions, three replicates of mushrooms (about 150±5 g) with and without CaCl2 dipping were packed into polyvinyl chloride (PVC) and polyethylene (PE) as the lower laminated layer (265 µm thickness; 0.053, 0.29 and 14 [P ((cm 3 .mm)/(s.cm 2 .cm.Hg))] for O2, CO2 and water vapor permeability, respectively) and with polyethylene polyamide as the upper laminated layer (70 µm thickness; 0.38, 1.6 and 7000 [P ((cm 3 .mm)/(s.cm 2 .cm.Hg))] for O2, CO2 and water vapor permeability, respectively) in 17.5×11.5×5 cm 3 . The packed samples were filled by various gas mixtures carried out by Ross Thermo Form-Fill Seal model 1550 (Germany), which created a vacuum in the packs and flushed the gas mixture before heat sealing.
Different types of applied atmosphere were 1) CO2 6%: O2 2%, 2) CO2 10%: O2 2%, 3) CO2 12%: O2 2% 4) CO2 6%: O2 4% 5) CO2 10%: O2 4% 6) CO2 12%: O2 4% 7) CO2 6%: O2 6% 8) CO2 10%: O2 6% 9) CO2 12%: O2 6% 10) CO2 5%: O2 10%. In addition, N2 was used as a filler gas. Results of preliminary observations (browning, taste, and overall acceptance, presence/absence of surface moisture, mold and yeast inside the packages) showed that gas mixtures number 1 and 10 were appropriate which were named P2G1 and P2G2, respectively.
Storage and sampling
Packed samples were incubated by Vindon Scientific (U.K) at different storage temperatures (4, 10 and 18°C) and 80% RH. Samples at 4, 10 and 18°C were acceptable for 11, 6 and 3 days, respectively. Samples at 18°C were deleted from further analysis because of the lowest storage capability.
Gas analysis
The composition of gas atmosphere inside the packaged samples was examined by gas chromatography (model 439 Chorompack) with a TCD detector. The used columns were two stainless steel columns (3.2 mm) packed with Molecular Sieve 13X (for separating O2 and N2) and Propack Q (for separating CO2).
Color
The surface color and L-value of mushrooms were measured by a Hunter-Lab Chroma Meter CR-300 (Minolta Corporation, Instrument Systems, Ramsey, NJ). Three random locations were measured on the sliced sites of the cap and they were compared with the ideal mushroom color values of L (brightness)=97, a (greenness) =-2 and b (yellowness) =0 using ∆E as described by the following equation (Kim et al., 2006) :
where ∆E is degree of overall color change in comparison with color values of an ideal mushroom.
Weight loss
Weight loss was calculated by the following equation:
where W0 is first day weight and Wd is desired day after storage (Kim et al., 2006) .
Glucose contents
Glucose contents were determined based on the GravimeterFehling method (Nigam and Ayyagari, 2008) .
Statistical analysis
Data were analyzed by ANOVA one-way parametric test using SPSS 12.1 statistical software (SPSS Inc., Chicago, IL, USA). The Duncan test was used to determine statistically significant differences among means. A 99% (P< 0.01) significance level was considered in all the comparisons (Mohammadi et al., 2011) .
RESULTS AND DISCUSSION
Packaging atmosphere composition
Changes of MAP atmosphere composition are presented in Figure 1 . Packaging atmosphere surrounding the product in all treatments altered over storage time. The decrease and increase were observed in O 2 and CO 2 concentrations, respectively which were reported by other researchers previously (Ares et al., 2006; Parentelli et al., 2007; Antmann et al., 2008; Simón et al., 2010) . Accordingly, high respiration rate of mushrooms and packaging film permeability to gasses were proposed as a possible reason for gaseous alternations (Exama et al., 1993; Lopez-Briones et al., 1993) . Furthermore, it was observed that samples dipped with CaCl 2 in comparison with samples without CaCl 2 dipping had lower CO 2 and higher O 2 concentrations, which indicates that CaCl 2 dipping was efficient in retarding respiration rate of mushrooms. Roy et al. (1995) demonstrated the effectiveness of CaCl 2 dipping by lowering the rate of gas mixture rate. However, results obtained by Kuyper et al. (1993) showed that calcium hypochlorite treatment did not influence the atmosphere composition significantly. Cliffe-Byrnes and O' Beirne (2008) found no significant relationship between in-package gas composition and washing mushrooms before packaging with ClO 2 and H 2 O 2 . In addition, increasing storage temperature from 4 to 10°C resulted in lower O 2 and higher CO 2 concentrations. These findings confirmed the results reported by CliffeByrnes and O'Beirne (2008) in which the effect of storage temperature on atmosphere evolution was mentioned as lower O 2 and higher CO 2 concentrations at 8°C compared with 4°C. Similarly, Masson et al. (2002) indicated that, in case of CO 2 and O 2 , rate of change was greater at 10°C than at 5°C.
Weight loss
Weight loss was significantly affected by storage time and temperature (P<0.01). The amount of weight loss increased during the storage period and increase in storage temperature resulted in increase in weight loss (Tables 1, 2 and 4) which could be expected because of previous results reported by Tano et al. (1999) , Villaescusa and Gil (2003) and Antmann et al. (2008) who mentioned the effect of higher temperature on accelerating weight loss and found the lowest weight loss at 4 and 0°C, corresponding to fall in vapor transmission of films, transpiration and respiration rate of the mushrooms (Roy et al., 1995) . As far as CaCl 2 dipping is concerned, samples with CaCl 2 dipping had lower weight loss in comparison with without CaCl 2 dipping ( Table 1 ) which indicated that CaCl 2 dipping was efficient in reducing weight loss. This may be associated to the contribution of calcium to maintain the cellular organization and to regulate enzymatic activities, thereby retarding the moisture loss caused by the senescence (Jayathunge and Illeperuma, 2005) . Comparing mushrooms under MAP with air-packaged showed that the samples with modified atmosphere presented less weight loss (Table 2 ). These results demonstrated that MAP is a potential means for decreasing weight loss as one of the deteriorating factors for mushroom quality.
Moreover, the combined use of MAP and CaCl 2 dipping significantly declined the rate of weight loss (Table 3) . However, Roy et al. (1995) who irrigated the mushroom field by the water containing CaCl 2 and Kim et al. (2006) who treated the mushrooms with hard water before packaging did not find CaCl 2 dipping effective in reducing weight loss. Evaluating the interactive effect of packaging atmosphere, storage time and CaCl 2 dipping (Table 4) showed that the samples under MAP, in comparison with air packaging had the weight loss less than 10%, more than which is considered unacceptable for the packaged products (Antmann et al., 2008) , and CaCl 2 dipping samples with P 2 G 2 stored at 4°C had the lowest weight loss (6.163) which was approximately two times lower than the samples in ordinary packaging without CaCl 2 dipping kept at 10°C (12.47) at the end of the storage.
Color
Storage time and temperature are two important factors in color deterioration of mushrooms. As expected, L values and ∆E decreased and increased over the storage time, respectively, and increasing the storage temperature intensified the changes in these variants (Tables 1, 2 and 4). Comparing the samples with CaCl 2 dipping with the mushrooms without CaCl 2 dipping showed that this dipping significantly affected their color and resulted in higher L value (brighter mushrooms) and lower ∆E (P<0.01) (Table 1) , which is due to the potential of calcium in imparting stability to vacuole membranes and further slowing the enzymatic browning (Roy et al., 1996) . Additionally, obtained results, which demonstrated Koushki et al. that MAP was able to retard discoloration and the samples under MAP showed lower increase in ∆E and lower decrease in L value. However, there was no significant difference between P 2 G 1 and P 1 in L value and ∆E by the end of storage (Table 2) . Retarding discoloration in the mushrooms packaged under the modified atmosphere may be attributed to the suppression of enzymatic browning and reduction of comparison with the Each value is a mean of 3 replicates (n=3) and different letters in the respective row are significantly different at α=0.01; NA: not analyzed (or unacceptable); P1: Air atmosphere; P2G1: Gas atmosphere of 6% CO2 : 2% O2; and P2G2: Gas atmosphere of 5% CO2 : 10% O2.
air-packaged samples with or without CaCl 2 dipping (Table 3) .
In line with this study's findings, Ahvenainen (2003) reported that higher L value and lower ∆E can be obtained using MAP in packaging mushrooms in comparison with the samples stored in conventional packages (non-MAP). Barden et al. (1990) found that CaCl 2 -irrigated mushrooms were whiter at harvest and had a slower rate of browning during the post-harvest storage in conventional packages. However, Roy et al. (1995) reported that no significant color differences were observed between the treatments for conventional or CaCl 2 irrigated mushrooms. As can be seen in Table 4 , all the treatments (for L value) were higher than 80, more than which is acceptable for wholesalers and less than 70 would be rejected by consumers (Kim et al., 2006) . The highest L value (88.32) and lowest ∆E (22.37) scores were given to CaCl 2 dipping samples under P 2 G 2 and stored at 4°C. However, no significant difference was observed between the samples with CaCl 2 dipping under P 2 G 1 (22.46) and P 1 (23.10).
Glucose contents
Glucose contents were affected significantly by the storage time and temperature (P<0.01). A reduction was observed in glucose contents over the storage time and glucose consumption was enhanced by increasing storage temperature (Tables 1, 2 and 4 ). In addition, CaCl 2 dipping influenced the glucose contents significantly (P<0.01). The samples dipped with CaCl 2 contained higher glucose contents than without dipping (Table 1) . It can be concluded that it is due to lower respiration rate in CaCl 2 dipped samples. As shown in Table 2 , the comparison of glucose contents of the mushrooms showed lower reduction in MA packaging than the packaging with air atmosphere (P 1 : 0.344 to 0.291 at 4°C; 0.302 to 0.293 at 10°C). CaCl 2 dipping combined with MAP resulted in reduction in glucose consumption (Table 3) . Ooraikul and Stilles (1991) demonstrated that packaging mushrooms under modified atmosphere affected mushrooms glucose contents and suggested decrease of respiration rate as a possible reason. However, Jiang et al. (2010) reported that reducing sugar levels increased in all samples during a 20-day storage period and observed that relatively small increases occurred in reduction of sugar contents of the samples treated with gamma irradiation (1.0 k Gray) + MAP in comparison with the stand-alone MAP samples. Glucose contents of mushrooms under P 2 G 2 with CaCl 2 dipping and storage at 4°C (0.328) were slightly higher. However, there was no significant difference between the mushrooms packed under P 2 G 1 (0.323) and P 1 (0.297) both with CaCl 2 dipping kept at the same storage temperature after 11 days of storage (Table 4) . Finally, Common mushrooms are highly perishable and their shelf-life is 1 to 3 days. Therefore, extending shelf-life would benefit both producers and consumers. The results of the present study showed that MAP in combination with CaCl 2 dipping was effective in extending shelf-life of the packaged mushrooms. Furthermore, this study demonstrated the possibility of prolonging the shelf-life of the mushrooms packaged with the gas mixture of 5% CO 2 : 10% O 2 (P 2 G 2 ) with CaCl 2 (0.3% for 5 min) dipping stored at 4°C up to more than 11 days; since P 2 G 2 ha d the weight loss of less than 10% and L value of more than 80 by the end of the research.
